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Androgen Responses during Physical Exercise
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Summary

The serum androgen response to physical exercise was

studied in highly trained athletes and in normal male
medical students. Serum androgens rose in response to
maximal exercise and the rise was independent of serum
luteinizing hormone. No response was obtained with
submaximal exercise.

Introduction

Physical exercise is a stimulus to the secretion ofmany hormones,
including growth hormone (Roth et al., 1962; Sutton et al.,
1968), cortisol (Sutton et al., 1972), and catecholamines
(Vendsalu, 1960). These hormonal changes presumably are

associated with the metabolic changes occurring during exercise.
As testosterone, the major male androgen, exerts a potent
protein anabolic action and is responsible for the maintenance
of muscle and bone tissue, studies of the serum androgen
response to physical exercise were performed.

Subjects and Methods

Fourteen male rowers, mean age 244 years (range 18-9 to 28&3
years), were studied before and after morning and afternoon
training sessions on the same day. The rowers were of Olympic
standard and approaching peak physical fitness. The morning
training session of 60 minutes duration began at 7 a.m. and
consisted of maximal exercise in the form of running and calis-
thenics. The afternoon session of 60 minutes duration began
at 4.30 p.m. and consisted of submaximal rowing training.

Seven male swimmers, mean age 17-0 years (range 15-2 to
19-1 years), and four female swimmers, mean age 14-7 years
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(range 13-7 to 15-4 years), were studied at 5 30 a.m. before a

morning training session and at 7 30 a.m. after a subsequent
training session which concluded in a maximal-effort 800-metre
swim. Both the male and female swimmers were of Olympic
standard. Estimations were made on venous blood collected
from an antecubital vein.

Sequential studies on four informed normal male medical
students mean age 22-6 years (range 21-0 to 23-4 years) were

carried out before, during, and after 20 minutes' exercise on a

bicycle ergometer at 900 kilopond metres per minute. The
students presented to the laboratory between 8 and 9 a.m. after
an overnight fast. Venous blood samples were collected from an

antecubital vein via an indwelling polyethylene catheter kept
patent by a slow intravenous infusion of normal saline. Each
subject rested for at least 30 minutes in the supine position
before starting exercise. No subject tested had been treated with
androgen preparations.
Measurements of total serum androgens, serum growth hor-

mone, serum luteinizing hormone, serum cortisol, and plasma
glucose were performed during the studies. Total serum

androgens were the 17- P hydroxy steroids measured by a modi-
fication of the protein binding technique of Horton et al. (1967).
Testosterone was measured by a similar competitive protein
binding technique after chromotography of the serum

extract on Sephadex LH 20. Percentage testosterone bound to
protein was measured in diluted serum by the method of
Forrest et al. (1968). Serum cortisol was measured by a

modification of the protein binding technique of Murphy
(1967). Serum growth hormone and serum luteinizing hormone
were measured by radioimmunoassay using modifications of the
method of Hales and Randle (1963). Serum growth hormone
levels are reported in microunits of the World Health Organiza-
tion reference standard and serum luteinizing hormone levels
in nanogrammes of the National Institute of Health Standard
LER-907. Plasma glucose was measured on an autoanalyser
by a modification of the ferricyanide method of Hoffman (1937).

Results

The mean values and significant differences between hormone

and glucose measurements before and after exercise are given
for the rowers and swimmers in the table. There were significant

Mean (± S.E. of Mean) Hormonal and Glucose Response to Exercise in 14 Male Rowers, Seven Male Swimmers, and Four Female Swimmers. P Values indicate
Degree of Significance between Measurements Before and After Exercise

Maximal Exercise Submaximal Exercise

a.m. Before a.m. After P p.m. Before p.m. After P

Rowers:
Androgens (ng/100 ml) .. 690 +40 840 +70 <0-0025 480 ±60 480 ±50 N.S.
Luteinizing hormone (ng/ml) .. 61-9 +3-9 56-4 + 3-4 N.S. 53-0 +2-9 48-5 +3-4 N.S.
Growth hormone (QsU/ml) .. 4-7 +0-5 48-6 +8-9 <0-0005 0-6 0-5 +0-5 N.S.
Cortisol (,ug/100 ml) - - 91 +1-0 17-3 +2-1 <0-0025
Glucose (mg/100 ml) .. . 97-6 +3-8 116-1 +6-4 <0-0025 99 4 ± 4-4 92-4 +3-4 N.S.

Swimmers (male):
Androgens (ngf100 ml) 1,020 +30 1,730 + 110 <0 0005
Growth hormone (,uU/ml) 3-8 +2-0 50-2 + 15-4 <0-01
Cortisol (jig!100 ml) .17-9 +2-3 15-6 +2-7 N.S.
Glucose (mg/100 ml) .88-0 +3-8 104-9 +8-1 0-025

Swimmers (female):
Androgens (ng/100 ml) 82 +5 98 +5 <0-05
Luteinizing hormone (ng/ml) .. .. 38-3 + 1-8 42-8 +3-4 N.S.
Growth hormone (jig/ml) .. .. 5-5 + 2-0 67-0 + 18-0 <0-0125
Cortisol (,ug/100 ml) .15-3 +2-5 19-7 +2-4 N.S.
Glucose (mg/100 ml) .91-3 + 1-1 114-0±18-2 N.S.

N.S. = Not significant.
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rises in serum androgens and growth hormone in both rowers
and swimmers after maximal exercise but insignificant changes in
these measurements after submaximal exercise. There was no
associated rise in levels of serum luteinizing hormone in the
rowers and female swimmers. Estimations of luteinizing
hormone before and after exercise were not performed for the
male swimmers. Serum cortisol levels were significantly raised
in the rowers during the afternoon training session and also
in the studies on the students. There was no significant alteration
in serum cortisol in the swimmers.
The sequential mean hormonal responses of the four male

medical students are shown in the chart. Serum androgens were
raised after 10 minutes' exercise and reached a peak at 20
minutes. There were no corresponding changes in serum
luteinizing hormone, but significant alterations in serum
cortisol and growth hormone were observed. Specific testo-
sterone assays performed on serum from the male students
during exercise showed that the rise in androgens was predomi-
nently due to a rise in testosterone. There was no alteration in
protein binding of testosterone during exercise. Plasma glucose
estimations performed during all studies showed significant
rises during exercise.
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Mean (± S.E. of Mean) hormional responses in four normal male medical
students during 20 minutes' exercise at 900 kilopond metres/mmn

Discussion

A rise in serum androgens was observed in all subjects perform-
ing maximal exercise. There was no alteration in serum androgens
during submaximal exercise, which suggests that the rise, as
previously shown with growth hormone (Sutton et al., 1969),
is related to the intensity of the exercise. High androgen levels
were observed in the male swimmers with the mean pre-
exercise level being above the upper linit of normal-that is,
1,000 ng/100 ml-for this laboratory. This is of interest in view
of a recent report (Andrew et al., 1972) showing increased height
and weight of competitive swimmers compared with their non-
athletic counterparts. The raised level of androgen during
exercise may act in association with growth hormone to increase
the pubertal growth velocity.
The androgen rise was independent of serum luteinizing

hormone. Luteinizing hormone is generally accepted as the
pituitary gonadotrophin controlling testosterone secretion. It
has not, however, been found in this laboratory to be raised in
association with the testosterone rise observed in the physio-
logical situations, sleep and exercise. During some of the present
sequential studies large, spontaneous fluctuations in serum

luteinizing hormone levels were observed similar to those
reported by Yen et al. (1972), but these were not followed by
significant changes in serum androgens. These findings support
the lack of association between androgens and luteinizing
hormone observed by other workers (Faiman and Winter,
1971; Cartersen et al., 1972) and indicate a need for re-
examining the control of testosterone secretion.
During exercise androgens may rise because of either

increased secretion or decreased clearance or both. Stimuli such
as catecholamines (Eik-Nes, 1969a), protaglandins (Eik-Nes,
1969b), and alterations in testicular blood flow may be responsible
for increased secretion. Catecholamines, particularly nor-
adrenalin, are known to rise during exercise (Vendsalu, 1960)
and they have been shown to stimulate the synthesis and
secretion of testosterone by the testis (Eik-Nes, 1964). The
contribution of adrenal androgens and other peripherally
synthesized steroid precursors of testosterone to the total serum
androgens is small (Horton and Tait, 1966) and cannot account
for the observed rise during exercise.
Reduced hepatic clearance of androgens may contribute to

the rise in androgen levels, since a noticeable decrease in hepatic
blood flow during exercise has been found. Wahren et al. (1971),
using a work load similar to that used in the present bicycle
ergometer studies, found that hepatic blood flow decreased by
almost 50%. Thus both decreased hepatic clearance and
increased testicular secretion probably contribute to the observed
increase in serum androgens.
The role of androgens in exercise is unknown. They may

influence the growth and muscular development associated
with exercise, possibly in conjunction with growth hormone.
Androgens have a well recognized function in maintenance of
bone and muscle tissue, and in exercise they may be important
in muscle fibre repair and hypertrophy through an enhancing
action on protein synthesis (Bartlett, 1953).

In maximal exercise glucose is the major energy substrate.
Turnover studies with 14C-labelled glucose have shown that
while plasma glucose turnover is increased during exercise
(Keul et al., 1967) its contribution to energy expenditure may
be only 10-15% of the total (Paul and Issekutz, 1967). It thus
appears that muscle glycogen is of particular importance as
muscle energy substrate, and exercise increases the ability of
muscle tissue to synthesize and store glycogen (Bergstrom and
Hultman, 1966). Recent animal studies (Gillespie and Edgerton,
1970) showed that this ability is dependent on adequate testo-
sterone levels and thus the observed rise in testosterone in exercise
may be important in utilization and replenishment of muscle
glycogen. Testosterone may in addition influence carbohydrate
metabolism in muscle by increasing the availability of creatine
phosphate (Paulsen, 1968).
The raised androgen levels may further be associated with the

aggressiveness and drive necessary to perform maximal exercise
and may also contribute to the feeling of well being experienced
by athletes who are approaching peak fitness.
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Interaction between Clonidine and Desipramine in Man
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Summary

Interaction between the tricyclic antidepressant desi-
pramine and the antihypertensive agent clonidine has
been investigated in five hypertensive patients in a double-
blind placebo controlled study. Introduction of the
tricyclic antidepressant led to loss of blood pressure
control in four ofthe patients. The average blood pressure
rise in the desipramine period compared with the placebo
period was 22/15 mm Hg in the lying position and 12/11
mm Hg standing. Thus addition of a tricycdic anti-
depressant may lead to loss of blood pressure control in
a hypertensive patient treated with clonidine.

Introduction

The hypotensive action of both bethanidine and guanethidine is
impaired by tricyclic antidepressant drugs (Leishman et al.,
1963; Mitchell et al., 1967; Mitchell et al., 1970). Their anti-
hypertensive effect is mediated by adrenergic neurone blockade
and is dependent on uptake into and concentration in peripheral
adrenergic neurones. This mechanism, Uptake,, is blocked by
the tricyclic compounds (Iversen, 1971).

Conolly et al. (1969) reported that the hypotensive action of
clonidine in one patient appeared to be impaired by the intro-
duction of imipramine 75 mg/day. Recently we (Briant and Reid,
1972) showed that the hypotensive action of clonidine in rabbits
is reduced about twentyfold by pretreatment with another
tricyclic antidepressant, desipramine.
The present study was carried out to determine whether this

interaction occurs in man.

Materials and Methods

Five hypertensive patients on long-term medication with
clonidine and a diuretic were asked to join the study. After the
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TABLE I-Details of the Patients Studied

Case Sex Age Clonidine Dose Diuretic Duration of
No. (,tg/Day) Therapy (Years)

1 F. 47 600 Chlorthalidone 3
100 mg alternate days

2 M. 43 3,200 Hydrochlorothiazide 2
50 mg daily3 M. 41 1,050 Hydrochlorothiazide 3
50 mg daily

4 M. 63 1,500 Hydrochlorothiazide 3
50 mg daily

5 M. 45 1,800 Chlorthalidone 3
100 mg alternate days

investigation had been explained to them all freely consented.
Details of the patients are given in table I.

In each patient the same daily dose of clonidine and diuretic
was maintained throughout the study, which was divided into
three parts. The first was a period of baseline observation to
ensure that control was adequate and consistent. The blood
pressure, lying and standing, was measured with a sphygmomano-
meter on at least three occasions over at least three weeks.
Several recordings were made at each visit, and the visits were
kept as nearly as possible to the same time, most being made at
the patient's home after work. Periods 2 and 3 each comprised
two weeks during which the patient took either desipramine
75 mg/day or the same number of matched placebo tablets.
The patients were allocated at random to start with either
placebo or desipramine and the study was carried out under
double-blind conditions. During periods 2 and 3 the patients
were seen at least twice a week.
Only one patient (case 3) did not keep to the agreed protocol.

His blood pressure rose considerably 24 hours after beginning
with the active drug. This was associated with headache and
profuse sweating. A reduction in the desipramine dose resultedin
a lessening of symptoms, but the blood pressure remained high
so the study was terminated.
Average blood pressure for each patient was calculated from

the whole run-in period and from the second week of each
treatment period except in case 3, where the comparative
periods were week 1 of each treatment. Within-patient observa-
tions were compared by the unpaired Student's t test, and group
observations by the paired t test.

Results

Four of the five patients showed a significant (P < 001) rise
in blood pressure in at least one position on desipramine, while


